The present study reports magnetic and optical properties of silica mediated lauric acid 
etc. ) in the magnetic fluid enhances the magnetic field induced structure formation [8, 9] . This type of fluid also resembles to magnetorheological (MR) fluids. However, ambiguity in the addition of nonmagnetic nanoparticles have been reported extensively. For example, addition of nano-silica (~10 nm) in water-based MF suppresses the birefringence [10, 11] , while addition of latex particles (42 nm to 210 nm) in MF enhances chain/column formation [12] . Earlier, we reported the augmentation of chain formation on the addition of halloysite nanotubes (HNTs) [13] , and increase in magneto-viscous properties with silica nanoparticles [14] .
Moreover, the interaction between the magnetic fluid and non-magnetic objects (HNTs or silica) was not established. Hence, still it is ambiguous that why addition of nonmagnetic particles alter the properties and what type of interaction, if exist, governs the fluidic properties? Here, we report the evidence of direct interaction between the silica nanoparticles and lauric acid coated magnetite particles, and its subsequent effect of the magnetic and optical properties of magnetic fluids. The fluid remains stable on the addition of silica nanoparticles (NPs), which is a plus point for the potentiality of development in any application.
II. EXPERIMENTAL A. SAMPLE PREPARATION
A magnetite magnetic fluid sterically stabilized with double layer of lauric acid (LA) has been synthesized using chemical co-precipitation route [15] . A single-phase spinel ferrite FCC structure of magnetite, without the presence of any secondary phase has been determined based on x-ray diffraction pattern analysis. It has crystallite size of 8.4 nm. This synthesized fluid has been diluted certain times for the optical measurements and coded here as F30. Further dilution of F30 using lauric acid stabilized solution (0.8 % LA and 5% ammoniated solution (25%) in distilled water) was ultrasonicated for 5 minutes at 45°. This results into stable diluted magnetic fluid coded as FN30. The dilutions are stable for more than six months.
We used a colloidal silica AM-30 (LUDOX) (Make: Sigma-Aldrich), consists of silica and aluminum, suspension stabilized using sodium counter ions with the average silica particle size 12nm. Samples separately prepared for the particles size analysis and thermogravimetric analysis, and coded as FNA0.1 and FA0.27 respectively (described below).
III. CHARACTERIZATION

A. PARTICLE SIZE ANALYSIS
Sample preparation, an essential part of colloidal nanoparticle size analysis, has been carried out as follows. Initially, 1 ml surfactant solution containing 0.1 % LA in 5% ammonia solution (25%) was diluted by adding 1 ml distilled water. In this solution, 0.5 µl FN30 fluid was added. To observe the effect of silica NPs 0.1µl AM-30 suspension was added in the later system. The measurement was carried out using the particle size analyzer (Make: Malvern, Model: Zetasizer, S90) at 25 O C. The measurements were repeated for five times to have better statistical average, where each run contains 25 scans.
B. THERMOGRAVIMETRY
Temperature dependent surfactant decomposition and phase transitions have been determined using thermogravimetric analyzer (Make: Mettler Toledo, Model: TGA/DSC-1) for magnetic fluid (i) without silica (F30) and (ii) with silica suspension (FA0.27). Similar to the particle size analysis measurement, here nominal silica concentration has been used in order to derive the effect of interaction. The samples were dried in a hot air oven at 100 O C overnight.
The dried powder (~11 mg) sample was taken in an alumina crucible for the measurement. 
C. MAGNETIZATION MEASUREMENTS
Vibrating sample magnetometer (Make: Lakeshore, Model: 7404) used to perform magnetic measurements at 300K. The following magnetic field range followed by the field interval was set: (a) 0 to 100 G; 1G, (b) 100 to 1000 G, 10G, (c) 1000 to 2500 G, 50G, (d) 2500 to 10000 G; 200G, and (e) 1000 to 12000 G; 50G. The data has been used to determine the initial susceptibility, saturation magnetization, mean magnetic size and size distribution, etc.
D. MAGNETIC FIELD INDUCED BIREFRINGENCE (∆ )
The setup comprises of linearly arranged diode laser (unpolarized -5 mW power), iris diaphragm, polarizer, MF, electromagnet, analyzer, and photo detector (Make: Thorlab Model: DET10A/M). A laser beam passes through an iris diaphragm placed at a distance 0.035 m to remove extra scattering. This focused beam was polarized using a polarizer kept at a distance 0.064 m from iris diaphragm. The polarization angle was +45° with respect to the applied magnetic field (H). The distance between the polarizer and magnetic fluid sample was 0.195 m, whereas, the distance from the MF to analyzer was 0.24 m. The resultant laser beam reached to the photodetector placed at a distance 0.10 m from the analyzer. Between the two pole pieces of electromagnet, a sample cell was placed. The magnetic flux lines were perpendicular to the MF and laser beam. A constant current power supply controlled the magnetic field. The EH configuration was attained by crossing the analyzer and polarizer. The field dependent changes were recorded by adjusting the analyzer angle to maximum intensity (Imax) and minimum intensity (Imin). The value of magnetic field induced birefringence (∆ ) determined as
The thickness of cell (d) and wavelength of diode laser (λ) were 120 μm and 650 nm respectively. Here, hi (i=1,2) is respectively the electric field absorption coefficient for polarized light ‫||‬ el and  er with respect to the magnetic field (H). The hi (i=1, 2) was obtained by solving Ii = Ioi e -2hi(H) with the transmitted intensities of the sample Ioi at = 0 , and Ii at ≠ 0 . Thus, magnetic field dependent ∆ was determined based on Imax, Imin, Ioi, and Ii.
E. OPTICAL MICROSCOPY
An inverted microscope (Make: Meiji Techno Model: IM7100) with a 20 × objective lens and numerical aperture (NA) 0.4 attached to charged coupled device (CCD) camera (Make: Jenoptik), operated using ProgRes-C3 software, has been used to record magneticfield-induced structure formations. The image area was pre-calibrated using the standards provided by the manufacturer. The images were captured in EH configuration. The sample was prepared by sandwiching the magnetic fluid between a glass slide and coverslip. Rare earth cylindrical magnet was used to provide a constant magnetic field (H) ~0.055 . by free lauric acid that forms multilayer around the particle(s). The interest of this measurement was not to determine exact particle size, but to understand the interaction of the silica with the lauric acid stabilized magnetite nanoparticles. The observed increment in particle size (from 58 nm to 68 nm) confirms the interaction. As per the datasheet the size of silica NPs is 12 nm, The data recorded during the field sweep indicates a linear increase in magnetization in the low field, exponentially increases in the mid-field region -due to spontaneous magnetizationfollowed by going towards saturation at high field. Table-1 where, is the mean particle diameter in the case of volume weightage average, the mean particle diameter of number weightage average, the log-normal size distribution parameter, and 0 the field at which the high field data for ⁄ vs 1⁄ extrapolates to = 0. Noted here that the volume average has less uncertainty due to (1 0 ⁄ ) rather than (1 0 ⁄ ) 3 effect. Table 1 shows magnetic parameters determined for FN30, FNA2, F30, and FA2 fluids. The increases in FNA2 fluid, which suggests re-distribution of particle due to the interaction with silica NPs. The nominally decreases in FA2 fluid. The effect of diamagnetic silica NPs is apparent in the magnetically diluted system. The magnetic field induced structure formation is expected to be different in all these systems. Hence, the magnetic field induced birefringence and optical microscopy have been carried out. (Figure 4(d) ). The suppression behavior agrees with earlier reported results [10, 18] . However, the increase in ∆ on addition of diamagnetic silica NPs has been reported for the first time here. The birefringence is related to the field induced structure formations, e.g. chain, column, etc. The images shown in the figures have been analyzed with ImageJ software. Table 2 shows the average chain parameters, i.e. length and width, contributing significantly. In FN30, FNA1, FNA2, and FNA3 fluids are having similar chain length, i.e. 3.7 μm, with a systematic decrement in the % counts. The next significant chain length increases with increase in silica concentration. It spans from 7.2 to 15 μm with moderately high % counts. The next large chains observed ranging from 10.6 to 26.1 μm. The chain width ranges from 3.7 to 8.5 μm. Correlating Table 2 Here, is the distance among two chains or columns. This energy can be either attractive or repulsive. The interaction energy per unit length increases with increasing the field and/or decrease in the inter-chain distance resulting in lateral coalesce of two chains. Consequently, the separation distance (ρ) increases and lowering U, and resulting into reduction of overall energy of the system.
IV. RESULT AND DISCUSSION
It is evident from Table 2 that chains observed in FN30 based fluids are long, thick, and scattered, with increasing inter-chain distance. Also, heterogeneous distribution in the chain length and width is observed. Referring to Table-1, the increases from 0.49 to 0.54 on addition of silica, lead to form long and thick chains with increasing inter-chain distance.
Correlating the chain parameters with the % counts, ∆ suppressing with increasing silica concentrations. The chains observed in F30 based fluids are short, thin, and dense. The chain parameters increase up to critical concentration of FA1.5 followed by trailing behavior. Similar behavior is also observed in the birefringence. Hence, the suppression and enhancement in birefringence are attributed to the magnetic field induced self-assembly, and also combination of magnetic to silica volume fraction.
V. CONCLUSION
Generally, addition of micron-sized non-magnetic particles (e.g., silica, latex, etc.) in the magnetic fluid enhances the magnetooptical properties resembling magnetorheological (MR) fluids [20] . On the other side, ambiguity in the magnetooptical properties of nonmagnetic nanoparticles added magnetic fluids have been observed. For example, [10, 11] demonstrates that addition of silica nanoparticles suppresses the magnetic field induced birefringence and structure formations, while, [12] Arbindo Ray for TGA analysis. We thanks to Dr. Kinnari Parekh for the help in magnetization measurement.
